BRCA2 gene plays an important role in homologous recombination. Polymorphic variants in this gene has been suggested to confer cancer susceptibility. Numerous studies have investigated association between BRCA2 N372H polymorphism and risk of several cancers, especially breast cancer. However, the results were inconsistent. We performed a comprehensive meta-analysis to provide a more precise assessment of the association between N372H and cancer risk, following the latest meta-analysis guidelines (PRISMA). Forty six studies involving 36299 cases and 48483 controls were included in our meta-analysis. The crude ORs and the 95% CIs were used to evaluate the strength of the association. The results indicated that the BRCA2 N372H variant was significantly associated with an increased risk of overall cancer (dominant model: OR 5 1.07, 95% CI 5 1.01-1.13; recessive model: OR 5 1.12, 95% CI 5 1.02-1.23). Moreover, stratified analyses by the cancer type and source of control observed significantly increased risk associated with BRCA2 N372H in subgroups with ovarian cancer, non-Hodgkin lymphoma and population-based controls, but not breast cancer or hospital-based controls. We also found such association among Africans. Overall, the meta-analysis suggested that BRCA2 N372H may be a cancer susceptibility polymorphism. Well-designed and large-scale studies are needed to substantiate the association between BRCA2 N372H polymorphism and cancer risk.
repairing DNA DSBs as mentioned above. Accumulating studies have indicated that the polymorphic variants in BRCA2 gene may also confer genetic susceptibility to cancer because of the alteration in DNA repair capacity.
The N372H is the only common non-synonymous polymorphism in the BRCA2 gene, resulting in the single amino acid substitution of histidine (His, H) for asparagine (Asn, N) 10 . And the consequential amino acid substitution falls into residues 290-453 of BRCA2, a region mediating interaction between BRCA2 and the histone acetyltransferase P/CAF and transcriptional activation of target genes 11 . Therefore, BRCA2 N372H polymorphism may influence transcriptional activation function of BRCA2 protein.
Over the past decade, many studies were conducted to evaluate the association between BRCA2 N372H polymorphism and the risk of cancer, mainly breast cancer. Several studies reported that homozygous carriers of the H allele of BRCA2 N372H have an increased risk of breast cancer [12] [13] [14] , when compared to controls. However, one meta-analyses conducted in 2006 including 12 studies showed no significant association between the polymorphism and breast cancer risk 15 . Qiu et al. 16 performed an updated pooled analysis of 22 studies in 2010, and confirmed the result. However, Qiu et al. also observed a significant association that was restricted to the population-based studies. These conflicting findings may be ascribed to the relatively small sample size in previous studies. Moreover, no meta-analyses have ever been carried out to investigate the relationship between N372H polymorphism and risks of other types of cancer, such as ovarian cancer. To provide a more precise assessment of the association between N372H and cancer risk, we performed a comprehensive meta-analysis by including the most recent and relevant articles.
Results

Study characteristics.
As shown in Figure 1 , a total of 1278 relevant articles were retrieved from PubMed, EMBASE and CNKI using search terms described in the methods section. After title and abstract screening, 1222 publications, which did not investigate the association between cancer risk and the polymorphism of interest, were excluded; and then, the remaining 56 publications were carefully reviewed according to the criteria described in the 'materials and methods' section. Twenty six publications were further removed, among which 10 publications were overlapped with others, 10 were not case-control studies, two used cancer patients as controls, two were prognostic and survival analysis, one was conducted in male patients, and last one departed from HWE. After the removal of all studies that didn't meet our criteria, 46 studies from 30 publications including 36299 cases and 48483 controls were finally included in our meta-analysis (Table 1) . Among them, there were 30 breast cancer studies [12] [13] [14] [15] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , four ovarian cancer studies [29] [30] [31] , six non-Hodgkin lymphoma (NHL) studies [32] [33] [34] [35] [36] [37] , two prostate cancer studies extracted from a publication that contained two different populations (Caucasians and African-Americans) 38 and three other cancer studies [39] [40] [41] (bladder cancer, esophageal squamous cell carcinoma, melanoma). Additionally, one study 42 combined all the tobacco related cancers together without detailed information for each cancer type. Therefore, this study was only included in our overall analysis, while not in the subgroup analysis by cancer type. Furthermore, 23 studies were considered as low quality (quality score , 9), and 23 were considered as high quality (quality score $ 9). All of the cases were histological confirmed, and most controls were matched by sex, age and ethnicity.
Quantitative synthesis. As indicated in Table 2 , pooled analysis yielded a statistically significant association between BRCA2 N372H variant and overall cancer risk. The overall ORs and 95% CIs among all cancer types were as follows: [homozygous model: OR (95% CI) 5 1.13 (1.03-1.23) (Figure 2 ), dominant model: OR (95% CI) 5 1.07 (1.01-1.13); and recessive model: OR (95% CI) 5 Table 2) .
Q test and I 2 statistic were used to assess the heterogeneity among the studies. There was no heterogeneity under the heterozygous model (P 5 0.642, I 2 5 0.0%) in the overall analysis. In contrast, significant heterogeneity was observed under the homozygous (P , 0.001, I 2 5 49.1%), dominant (P , 0.001, I 2 5 61.6%) and recessive model (P , 0.001, I 2 5 53.8%). Then, we use meta-regression to determine the source of heterogeneity by cancer type, ethnicity and source of controls. As is shown in Table 3 , we found that ethnicity contributed to the heterogeneity in the meta-analysis (homozygous model: P 5 0.017; recessive model: P 5 0.001), but not cancer type (homozygous model: P 5 0.459; heterozygous model: P 5 0.437; dominant model: P 5 0.250; recessive model: P 5 0.577), source of controls (homozygous model: P 5 0.962; heterozygous model: P Sensitivity analysis. We performed leave-one-out sensitivity analysis by excluding a study at a time and recalculating ORs and 95% CIs. There was no substantial change found in the pooled ORs and 95% CIs during the overall analysis, suggesting the stability of our analysis.
Publication bias. Begg's funnel plot was used to check the existence of publication bias. There was no evidence of publication bias for the association between polymorphism of BRCA2 N372H and overall cancer risk under the heterozygous, dominant, or recessive model by using Egger's weighted regression test (P 5 0.866, P 5 0.376, P 5 0.341) (Figure 4) , whereas a strong degree of publication bias was found under the homozygous model (P 5 0.032).
Discussion
In this comprehensive meta-analysis for the association between BRCA2 N372H polymorphism and cancer risk, 46 studies with a total of 36299 cases and 48483 controls were included. This great sample size provided adequate statistical power to detect potential association with cancer risk. Pooled analysis suggested a major role of the polymorphism in shaping over cancer risk. Specifically, BRCA2 N372H polymorphism was shown to confer 13%, 7%, and 13% increases in cancer risk under the homozygous, dominant and recessive models, respectively. Moreover, while stratified analyses were performed by cancer type, significant associations were observed for ovarian cancer, non-Hodgkin lymphoma and other cancers (a combination of prostate cancer, bladder cancer and esophageal cancer), but not for breast cancer. Moreover, stratified analyses by ethnic group and the source of control identified the association among Africans and mixed groups, as well as subgroup with PB controls. To the best of our knowledge, this is the first metaanalysis to evaluate the association between BRCA2 N372H polymorphism and overall cancer risk. The BRCA2 gene is located at chromsome13q13.1 and composed of 27 exons. The BRCA2 protein directly interacts with the RAD51 recombinase to regulate homologous recombination 5 . The N372H polymorphism in the exon 10 is the only identified common nonsynonymous polymorphism in BRCA2 gene, which may confer genetic cancer predisposition. It has been shown that BRCA2 modulates transcriptional activation of other genes by bonding to histone acetyltransferase P/CAF 11 . BRCA2 N372H, the non-conservative amino acid substitution-causing polymorphism may influence transcriptional activation function of BRCA2 protein. And a review of epidemiological literatures suggests that this polymorphism may be involved in carcinogenesis 43 . Two meta-analyses have been carried out to attempt to evaluate the association between BRCA2 N372H and risk of breast cancer. A meta-analysis conducted in 2006 including 15627 cases and 15968 controls revealed no significant association under all the models 15 . With inclusion of more studies, a meta-analysis by Qiu et al. in 2010 also observed no significant association with breast cancer in the overall analysis. Nevertheless, subjects with HH homozygous genotype were reported to have a mild increased risk of breast cancer (OR 5 1.11, 95% CI 5 1.01-1.21) in PB subgroup 16 . Our results substantiated the previously findings that there was no evidence of association between BRCA2 N372H and breast cancer risk. However, this polymorphism was shown to significantly increase the risk of ovarian cancer and NHL in stratification analyses by cancer type. Four [29] [30] [31] and six studies 32-34,36,37,44 on ovarian cancer and non-Hodgkin lymphoma have been conducted before, respectively, but the results were conflicting. The inconsistency may, in part, result from lack of power in indi- vidual studies. Moreover, a significant increased cancer risk was also found in PB subgroup, but not in HB or nested case-control subgroup. The null association in HB subgroup is probably due to that controls recruited from hospitals failed to represent the general population from which the cases originated, which may lead to attenuation of risk value. Moreover, although subgroup analysis by ethnicity found association among Africans, the results should be considered with caution. Since there were only two studies included in the African group, the result may be unstable and false positive, although it was confirmed by meta-regression analysis. Stratification analyses also revealed the between-study heterogeneity observed in the overall analysis might be attributed to the differences among ethnic groups. Many factors may contribute to the strong heterogeneity among overall analysis. The ethnicity-dependent association may be attributed to the discrepancies in genotype distributions among controls of different ethnic groups. Cancer is complicated disease as a result of gene-environment interaction. Therefore different genetic backgrounds among different ethnicities help to explain the ethnicitydependent results. For example, different populations usually have different linkage disequilibrium types. It is possible that BRCA2 N372H polymorphism may be in close linkage with another nearby causal variant in one ethnic population but not in another. Moreover, clinical features (e.g., years from illness onset, disease severity) or lifestyle habits (e.g., age, sex, diet) may also explain the heterogeneity of ethnicity. More studies are needed to explore the heterogeneity in the future.
Finally, several limitations in this meta-analysis should be taken into consideration. First, individual studies included in some subgroup analysis, like ovarian cancer and among Africans (,5 studies), may be insufficient. And this could diminish statistical power to detect the potential association. Second, because of lacking the original data from individual studies, our analysis was based on the risk estimates (ORs) without adjustment for other confounding factors. As a result, our findings might suffer from potential confounding bias. Therefore, if possible, future studies should take into account other potential confounding factors to improve the precision of risk estimates for this polymorphism and cancer risk. Third, publication bias also may be one of the concerns because studies with positive results were more prone to be published than those with negative results. The funnel plot and Egger's test suggested that potential publication bias may exist under the homozygous model. Trimand-fill methods were employed to infer the existence of unpublished hidden studies and yield unbiased pooled estimates. The OR did not significantly change after the publication bias was adjusted (1.13 vs. 1.08). Overall, due to these limitations, the results of this meta-analysis should be interpreted with caution.
In conclusion, this systematical meta-analysis regarding the association between BRCA2 N372H polymorphism and cancer risk revealed that this polymorphism was significantly associated with an increased risk of overall cancer, and the association was also observed for ovarian cancer. In addition, the significant association was observed in population-based studies while not in hospital-based studies. Finally, well-designed, large-scale studies will be needed to investigate these findings.
Methods
The meta-analysis was conducted according to the latest meta-analysis guidelines (PRISMA), including literature search, data collection, inclusion, etc.
Identification of the eligible studies. A comprehensive literature retrieval was performed using the search terms as ''BRCA2 or N372H'', ''polymorphism or variation or variant'' and ''cancer or carcinoma or tumor'' through the PubMed and EMBASE up to May 2014 for all relevant studies with no language restriction, according to the latest meta-analysis guidelines (PRISMA) 45 . We also searched the references of the potential relevant publications and bibliographies of the original articles manually in order to find more eligible studies.
Inclusion criteria. The studies included in our meta-analysis should meet the following criteria: (i) only case-control study or cohort studies were taken into account; (ii) assessed the association between BRCA2 and risk of cancer; (iii) provided sufficient detail of the genotype frequency or data for estimating odd ratios (ORs) and corresponding 95% confidence intervals (CIs); In addition, studies were excluded if significant departures from Hardy-Weinberg equilibrium (HWE) (P HWE , 0.05) in controls were observed, unless there were further evidence from other polymorphism of BRCA2 gene satisfy HWE. When studies had overlapping subjects with others, only the latest or the most complete study was included.
Data collation. The detailed information was extracted from all the eligible publications independently by two authors as the criteria described above. Conflicts were fully discussed by the two authors until consensuses were reached. The following information from the individual study was collected: name of the first author, year of publication, country of origin, ethnicity, numbers of cases and controls for the BRCA2 N372H genotypes or the OR and 95% CI under different genetic models, source of controls, genotype method and the P-value of HWE in controls. The subgroup analysis was performed by cancer type (cancer subgroups contained less than three individual studies were combined and defined as ''others cancer type'' group), ethnicity (categorized as Asians, Caucasians, Africans or Mixed which contained more than one ethnic group), the source of controls (HB: hospital-based controls and PB: population-based controls) and quality score (low quality: quality score , 9; high quality: quality score $ 9) 46 . We did not define the minimum number of patients for inclusion in our analysis. And publications were divided into different categories or studies when they included different ethnics, cancer types or from different countries.
Statistical method. The crude ORs and the corresponding 95% CIs were used to evaluate the association between polymorphism of BRCA2 and cancer risk. For BRCA2 N372H, the pooled ORs were performed for the homozygous model (CC vs. AA), heterozygous model (CA vs. AA), dominant model (CA 1 CC vs. AA) and recessive model (CC vs. AA 1 CA), respectively. Z test was used to determine whether an association was statistically significant. Cochran Q-test and I 2 statistic were used to assess and quantify the between-study heterogeneity (A statistically significant heterogeneity was considered when P , 0.10 for Q-test and I 2 represents the proportion of variation in a meta-analysis that is explained by heterogeneity across studies rather than by sampling error.). Fixed-effect model was used if there was no heterogeneity observed when P . 0.1 for Q-test; otherwise, a random-effect model was used. Leave-one-out sensitivity analysis was performed by sequentially excluding one single study at a time. Chi-square test was conducted to test if the study is departed from HWE. Additionally, the symmetry of the funnel plot was assessed by Egger's liner regression test to detect the potential publication bias, when at least 4 available dataset were included in subgroup analysis. A meta-regression analysis was performed to investigate the major sources of the heterogeneity across the studies in our meta-analysis.
All statistical tests were performed by STATA version 11.0 (STATA Corporation, College Station, TX), all the P values were two-side test and P , 0.05 was considered statistically significant. 
